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ANUFACTURERS whose 1930 watch- 

word is “‘ Economy Everywhere”’ will 
find food for thought in the statement of 
an industrial corporation, world-famous 
for economical methods, that the value of 
the material it scraps equals one-ha'f its 
annual labor cost. 

In any industry, the commonest and 
most costly item of waste is machinery 
discarded because it is worn or damaged. 
It is in the reclamation of such machinery 
that oxy-acetylene welding can save money. 


Take the 
Scrap Pile 
Off Your 


Oxwelding is the only repair process that 
makes the parts repaired as strong as, oF 
stronger than, they were when new. 

Through regular use of oxwelding, scores 
of progressive manufacturers are saving 
from one hundred to one thousand dollars 
a month in replacement charges. 

The process is simple, adaptable (0 hun- 
dreds of jobs. The equipment is surpris- 
ingly low in cost. If your program does not 
already include oxwelding, it wil! pay to 
investigate this process today. 


——— EEE 


THE LINDE AIR PRODUCTS COMPANY, THE PREST-O-LITE COMPANY. INC 
OXWELD ACETYLENE COMPANY, UNION CARBIDE SALES COMPANY 
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Code for Fusion Welding and Gas 
Cutting in Building Construction 


The A. W. S. announces the publica- 
tion of 1930 Edition of Code 1, Part 
A. Code for Fusion Welding and Gas 
Cutting in Building Construction. 

This edition, quoting from its Pref- 
ace, “includes an Appendix whose use 
obviates the necessity of consulting 
the publications of the American Bu- 
reau of Welding cited in the 1928 
Edition; and the body of the Code has 
been reworded to correspond.” 

“The matter given in the Appendix 
is primarily a digest of the publica- 
tion previously referred to, with addi- 
tional explanatory matter where 
needed to make it more applicable to 
Code purposes.” 

The 1930 Edition, as explained by 
the Committee on Building Codes un- 
der the A. W. S. is, in other respects, 
essentially as published in 1928, ex- 
cept for minor changes in the wording 
of three paragraphs in the body of 
the Code. 

The changes apply to 
_ Sec. 3, Par. 1, wherein the Committee 
has limited the application of structural 


welding to a cited specification for base 
metal parts. 

Sec. 4, Par. 1, wherein a design cri- 
terion for filled welds, placed transverse 
t » direction of stress, has been in- 
luded, and 

Sec. 5, Par. 5, wherein beveling of butt 
joints which have only one edge beveled 
for welding have been definitely classified. 


Copies of the 1930 Edition, Code 1, 
Part A, are available at A. W. S. 


headquarters, 33 West Thirty-ninth 
Street, New York City. 


Section Meetings 


_ ihe national Meetings and Papers 
Committee of the Society is compiling 
a list of prospective authors of papers 
for section meetings. Members who 
des re to present papers before some 

section should promptly notify 


headquarters of the availability of 
any data that they may have on anv 
phase of welding. 


New Orleans Adopts 
Welding Code 


The city of New Orleans on Sept. 2 
incorporated in the Municipal Code 
of that city provision for welding steel 
building frames. The American Weld- 
ing Society for Fusion Welding and 
Gas Cutting was adopted with any 
subsequent amendments and additions 
thereto. 


Welding Program Feature of Inter- 
national Acetylene Association 


The Thirty-First Annual Conven- 
tion of the International Acetylene 
Association was held in the Congress 
Hotel, Chicago, November 12, 13, 14, 
1930. 

The major portion of the program 
was devoted to oxy-acetylene weld- 
ing and cutting and special sessions 
were also arranged on metal working 
industry, building construction, build- 
ing piping, and the distribution of oil, 
gas and water. 

A cordial invitation to attend this 
Convention was extended to everyone 
interested in oxy-acetylene welding 
and cutting or in the various indus- 
tries which use the oxy-acetylene 
process. 

Among the papers presented at this 
Convention were the following: 

Production Welding by the Oxy- 
Acetylene Process; Oxy-Acetylene 
Committee Report; Experiments on 
Gas Welded Structural Joints; Possi- 
bilities of Welding in Private Homes; 
Securing Acceptance of Structural 
Welding by Architects, Structural and 
City Engineers; Welding Piping Sys- 
tefs in Montgomery Ward & Com- 
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pany Building in a Welding as 
Applied to Sprinkler Systems; Tube 
Turns; Welding and Cutting on Rail- 
roads; Truck Transportation; Oxy- 
Acetylene Welding in Local Gas 
Transmission and Distribution. 


In Memoriam 


At a meeting of the Executive 
Committee of the American Welding 
Society held in the Engineering Soci- 
eties Building, New York, N. Y., on 
the fifth day of November, 1930, the 
following resolution was unanimously 
adopted: 

The very unexpected and sudden 
death of Mr. James Harvey Edwards 
on August 14, 1930, removed from the 
American Welding Society one of its 
most prominent and useful members. 

The American Welding Society, 
therefore, desires to record its sincere 
appreciation of his character as a 
man; of his unlimited kindly consid- 
eration for the viewpoint of others 


Séction 


Boston 


The first meeting of the season of 
the Boston Section was held on Oct. 
24 at the plant of the Austin-Hastings 
Co., Ine., Cambridge. Alexander 
Churchward, chief engineer of the 
Wilson Welder & Metals Co., gave a 
very interesting talk on the welding 
of non-ferrous metals, after which 
there were demonstrations of arc 
welding of the non-ferrous metals. 
About 160 attended this meeting. 
Buffet lunch was served after the 
lecture. 

The November meeting will be held 
on the 14th at 7.30 p. m. in the plant 
of the Thomson-Gibb Electric Welder 
Co., Lynn, Mass. Papers on the follow- 
ing subjects will be read and dis- 
cussed: Welding of Motor Magnet 
Frames; Seam Welding; Projection 
Welding as Applied in the Automo- 
bile Industry. The speaker will be 
M. Thomson, General Electric Co., 
and W. T. Ober, Thomson-Gibb Elec- 
tric Welding Co. Demonstrations of 
the operation of manual and auto- 
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with whom he was associated; of his 
scientific attainments and accomplish. 
ments as an engineer; of his pioneer. 
ing spirit and enthusiasm with which 
he undertook practical research work 
for the Society as Chairman of the 
Structural Steel Welding Committee: 
of the results accomplished through 
his efforts up to the time of his death 
and of their value to the study of 
fusion welding and the structural 
steel industry at large. 

The American Welding Society fur- 
ther desires to record its regret that 
he could not have lived to see the 
completion of his work and the satis- 
faction of seeing the application of its 
results and the realization of dreams 
inspired by his engineering vision and 
enjoying the grateful appreciation of 
his fellow engineers for these valuable 
services, therefore, be it 

Resolved, That these statements of 
appreciation be spread upon the ree- 
ords of the Society and copies be sent 
to the family as an expression of our 
sympathy at this time of mutua! loss. 

A. E. DoYLe, President. 


Activities 


matic butt, spot and seam welding 
machines will be shown. 


Cleveland 


The first of a series of interesting 
meetings arranged by the Cleveland 
Section was held on Thursday, Oct. 
23, at Carnegie Hall. The speaker 
of the evening was Mr. Zorn of the 
Detroit Edison Co., and the title of 
his address was “Four Years of W eld- 
ing in Power House Construction and 
Maintenance.” This address was il- 
lustrated with several slides, show- 
ing various jobs which have been done 
under Mr. Zorn’s supervision. The 
meeting was very well attended. 


New York 


“Structural Welding” will be the 
subject of the November mecting of 
the New York Section, which is t 
be held on the 18th at 7.45 p. m. In 
the Engineering Societies Building. 
“Present Status of Structural Weld- 
ing Throughout the United States 
from the Standpoints of App!'cation 
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and Regulation” will be presented by 
the Committee on Building Codes, 
A. W. S. “Progress of Structural 
Welding Regulation,” by Prof. F. P. 
McKibben, consulting engineer, Gen- 
eral Electric Co. This will be a gen- 
eral explanation of the American 
Welding Society’s Structural Welding 
Code and a report on the progress of 
adoption of structural welding by 
cities and towns throughout the 
United States. “Progress of Design 
and Application of Structural Weld- 
ing,” by G. D. Fish, consulting struc- 
tural engineer, Westinghouse Elec. & 
Mfg. Co. This is an illustration of 
the application of the Structural 
Welding Code to a hypothetical multi- 
story building assumed to be erected 
within municipal building code juris- 
liction, together with a report on ac- 
national welded tonnage in 
buildings and bridges. “Illustrated 
Review of Applied Structural Weld- 
ing.” Motion pictures and lantern 
slides showing applications of struc- 
tural welding in buildings and bridges 
throughout the United States will be 
presented by American Bridge Co., 
Lincoln Electric Co., General Elec- 
tric Co., Westinghouse Elec. & Mfg. 
( » The Linde Air Products Co. and 

“Progress in Civic and Professional 
\ppreciation of Structural Welding.” 
Several authorities prominent in civic 
and professional activities in and 
about New York City will discuss 
structural welding as it affects mod- 
ernization vf building construction 
methods and the comfort of those who 
must live or work in proximity to 
building operations. 


crued 


Philadelphia 


Planning, specifying, supervising 
and welding a 14-story office build- 
ing in Boston will be the subject of 
the Nov. 17 meeting. J. T. Whitney, 
president, Whidden-Beekman Engi- 
neering Co., of Boston, will talk on 
planning, specifying and supervising. 
J. L. Faden, industrial engineer, The 
Edison Eleetrie Illuminating Co. of 
Boston, will show motion pictures. A. 
G. Leake, president, Leake & Nelson 
Co., will have welding as his subject. 
promises to be a very interest- 
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first fall meeting of the Pitts- 
ch Section was held Wednesday 
ing, Oct. 22, in the Union Club. 


SOCIETY ACTIVITIES 5 


A paper on “Oxy-Acetylene Welding 
and Cutting in the Manufacture of 
Gas and Diesel Engines,” prepared 
by W. F. Buchanan, foreman of weld- 
ers for the Cooper-Bessemer Corp.., 
was read in his absence by E. J. W. 
Eggers, of the Linde Air Products 
Co. A second paper on the “Mainte- 
nance Welding in the Steel Plant,” 
prepared and presented by E. L. 
Quinn, Jr., supervisor of welding, 
Jones & Laughlin Steel Corp., was 
ably handled and proved conclusively 
Mr. Quinn’s thorough familiarity with 
his subject. Quite a lively discussion 
ensued after the papers were read, 
and both Mr. Eggers and Mr. Quinn 
were kept busy answering questions. 

The Pittsburgh Section is prepar- 
ing a tentative program for the next 
seven months which will be published 
in the JOURNAL as soon as available. 


Portland 


At the annual meeting of the Port- 
land Section the following officers 
were elected: Ray I. Smythe, chair- 
man, Willamette Iron & Steel Co., 
Portland; G. C. Dierking, vice-chair 
man; W. P. Kellogg, treasurer; G. B. 
Herington, secretary, with offices in 
the Multnomah Hotel lobby in con- 
nection with duties as executive sec 
retary, Associated General Contrac- 
tors of America. 


San Francisco 


An illustrated lecture on the latest 
developments and applications of the 
Electronic Tornado, carbon are 
method of welding was presented by 
Northern California representatives 
of the Lincoln Electric Co. at the 
Oct. 17 meeting of the San Francisco 
Section, held at the Athens Athletic 
Club, Oakland. This process welds 
60 ft. of %-in. plate per hour, with 
a homogeneous weld. New and im- 
portant applications of fusion welding 
were one of the main attractions of 
this meeting. 


Western New York 


The following is a schedule of 
coming meetings of this Section: 


November 10, 1930 
Speaker: Mr. D. H. Deyoe, 
Eng. Dept., General 
pany 
Subject: Structural Steel Welding. 
Featuring (with movies and slides): 
(a) Fourteen-story office building- 
Southern California Edison 
Company 


Industrial 
Electric Com- 








(b) Thirteen-story office building— 
Boston Edison Company. 

(c) Nineteen-story office building— 
Dallas Light & Power Com- 
pany. 

(d) Battle deck steel floor. 
Welding—Berkshire Garage. 

(e) Brief Outline of Recent Develop- 
ments and Their Applications 
in Electric Arce Welding in 
General. 


December 8, 1930 


Speaker: Mr. W. R. Ost, Air Reduction 
Sales Company. ~ 
Subject: Transmission Pipe Line Welding 
(Oxy-Acetylene). Illustrated with 

movie and lantern slides. 


February 9, 1931 


Speaker: Mr. R. D. Thomas, vice-presi- 
dent, Arcos, Inc. 


in the BULLETIN. 


bers. 


in the office reference files. 


car shop, steel mill and tank works. 
ject. 


A-110. Welder desires position. 
Consolidated Aircraft, Buffalo. 


facturing Company. 
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A-109. Electric welder desires position. 
High school graduate. 
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Subject: Are Welding of Corrosion Resis 
tant Steels. Illustrated with- lanter 
slides. 

March 9, 1931 

Speaker: Mr. G. H. Koch, Westinghouse 
Elec. & Mfg. Co. 

Subject: Automatic Welding. 
with lantern slides. 


Portland 


The meeting of the Section was 
held on Oct. 30 at the Multnomah Ho- 
tel. A number of important items of 
business were transacted. Mr. F. 
Huggins, Superintendent Engineer of 
the Air Reduction Company, pre- 
sented an interesting paper on “Prog- 
ress of the Oxy-Acetylene Process in 
Railroad Shops,” which described rail- 
road welding practice and economies. 


Ilustrated 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is g'ad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 


Services Available-——Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will remain 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be addressed to the number indicated 
in each case and mailed to the Society headquarters. 


SERVICES AVAILABLE 


Nine years’ experience in job shop, 
Location no ob- 


Nine vears’ experience in welding in the 
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American Methods of Welding Steel Structures * 
BY FRANK P. McKIBBEN,+ 


N a very short period of time, welding as applied to fabrication of new 

steel buildings and to strengthening existing bridges has advanced 
from the experimental to the practical stage. Only four years ago the 
safety and practicability of applying welding to steel buildings and 
bridges were questioned by most structural engineers and steel fabrica- 
tors, but today much of this scepticism is dissipated, and while the process 
is by no means universally acceptable, the old inertia has quite largely 
been overcome and welding is progressing to the extent that nearly all 
structural shops are using the process to a greater or less extent. It 
must not be inferred from this that welding has replaced other forms of 
connecting steel members, for such is not the case; riveting remains the 
principal form of construction, but the usefulness of welding is fast being 
acknowledged. 


The elimination of noise resulting from welding has become widely 
known, and in this lies welding’s greatest asset at present; but a close 
second is its adaptability to repairing or strengthening old steel bridges 
or buildings where in most cases great economies result from its use. 
Some of the largest railroad systems have applied welding very success- 
fully to strengthening steel girders or truss members in bridges which 
support tracks as well as in structures carrying highways overhead. And 
two railroad bridges have been completely welded. 


The Present Status 


: Among the more important buildings being totally or partially welded 
in the early part of the year 1930 are the following: 


Southern California Edison Company’s office building approximately 
150 ft. in height in Los Angeles, Cal., wherein the trusses and other 
earthquake resisting members are welded. Other portions of the steel 
frame are riveted. 


Edison Electric Illuminating Company’s office building, fourteen stories 


in an in Boston, Mass., in which the steel is shop riveted and field 
welded. 


The City Hall, Schenectady, N. Y., is completely shop and field welded. 


An eleven story engineering laboratory is being completely welded 
in East Pittsburgh, Pa. 


A four story factory building is being completely welded at Bridge- 
port, Conn. 


A tactory building at Oklahoma City, Okla., 140 ft. wide, 260 ft. long 
and 45 ft. high is being completely welded. 


sented at International Congress of Steel Construction, Liége, Belgium Ap- 
| by Executive Committee, A. W. S. 


sulting engineer: Senior vice- president, American Welding Society 
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Steel building frames may be welded either with oxyacetylene or elec- 
tric arc. The largest structure thus far welded with oxyacetylene is 
research laboratory, 75 ft. wide, 260 ft. long and 42% ft. in height, at 
Niagara Falls, N. Y., and although gas is widely used in welding other 
steel forms it has not been applied to any appreciable number of stee! 
building frames, nor have atomic hydrogen, the shielded arc, or thermit 
welding been used for this purpose but are successfully used in many 
other places. 
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CENTRAL SECTIONS OF TWO RIVETED ANDO FOUR WE".DED GIRDERS 


Nearly all welding on steel building frames has been performed with 
the metallic arc. However, almost without exception those cities which 
have modified their building codes to permit welding have included both 
gas and electric welding, as they should. 


Electric resistance processes are being applied on a large scale to the 
spot and butt welding of bar joist and other similar building parts. These 
processes seem to be quite suitable for shop fabrication of light material. 


In the United States over a hundred steel buildings have been totally 
or partially welded. No failure has occurred in any of the welded joints 


Machine Welding 


The past year has witnessed an interesting extension in the use of 
automatic gas or electric welding machines for shop fabrication of struc 
tural steel and for steel pipe manufacture. Ordinary welded conn: tions 
of beams to beams or beams to columns do not lend themselves to machine 
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1930] WELDING STEEL STRUCTURES 9 
welding, but in shop fabrication of plate girders or composite columns 
having long lines of welds automatic welding is being increasingly ap- 
plied with success and economy. Among the interesting installations of 
this kind are those of the Mississippi Valley Structural Company at De- 
catur, Ill., where two are welding heads may be used simultaneously for 
such operations as welding a plate girder web to a flange plate with two 
parallel fillet welds; and of the Cleveland (Ohio) Crane Company, where 
two welding heads perform a similar function on traveling crane box 
girders, welding the two webs to a flange plate. 


Economies 


Aside from the economic value of noise elimination in many locations, 
the savings resulting from welding lie principally in the use of less steel 
in trusses or plate girders. In multi-story building frames consisting of 
welded beams and columns the decrease in weight of steel is small unless 
the beams be made continuous, in which case the bending moments ar 
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sufficiently diminished to permit lighter beams; but thus far the cost of 
additional welding necessary to acquire continuity has offset the saving 
in steel so that in multi-story buildings welding has not shown any de- 
cided economic values over other connections. However, in two office 
buildings, each fourteen stories high, now being built, the cost to the 
owners of the steel frame shop riveted and field welded is in each case 
the same as if both shop and field connections were riveted. This equal- 
ity in cost reveals a decided advance in the use of welding in a very 
short time. But it is too early to predict the comparative costs of riveted 
and welded multi-story steel frames, because no single fabricating com- 
pany has had sufficient tonnage of welded work to ascertain cost data 
under normal production. 





In ordinary roof truss construction such as that applicable to mill 
buildings very considerable savings in weight of steel are possible; for 
example, for roof trusses having spans of 58 ft. 6 in. the weight of each 
welded truss was 5000 Ib. as compared with 6800 Ib. for a riveted truss 
performing exactly the same function; for a 78 ft. span truss the 
weights were 9200 lb. and 13,200 lb. for welded and riveted work re- 
spectively. These welded trusses showed savings of 1800 lh, and 4000 lb. 


In plate girder construction a very great saving in weight of steel is 
possible due to welding as illustrated in Table No. 1, giving a comparison 
of six plate girder sections, two with riveted sections and four with 
welded sections. Each girder is designed to carry a load of 4000 |b. per 
foot uniformly distributed on a 40 ft. span. These girder sections are 
shown in Fig. No. 1. Table No. 1 shows that whereas the riveted girder 
(No. 1 section) weighs 7498 lb., the welded girder (No. 6 section) per- 
forming the same function weighs 5467 lb., a saving of 2031 |b. or 27.1 
per cent. 


TABLE NO. 1 
Comparison of Weights of Riveted and Welded Girders 











Section Weight, Pounds Saved Per Cent of 
No. Pounds Over No. 1 No. 1 Saved Remarks 
1 7,498 ar aha eye Riveted 
2 6,455 1,043 13.9 Riveted 
3 6,282 1,216 16.3 Welded 
4 5,572 1,926 25.7 Welded 
5 6,012 1,486 19.8 Welded 
6 5,467 2,031 27.1 Welded 













Battledeck Floors 


The American Institute of Steel Construction is sponsoring a type of 
steel floor, called the Battledeck Floor, for use in buildings. It consists 
essentially of thin flat steel plates of widths of two feet or so resting 
upon the upper flanges of a series of parallel I-beams. As the adjacent 
edges of two plates run along the I-beam flange, and a narrow space is 
left between them, these edges are welded together; at the same time both 
are welded to the top of the I-beam, thus producing a composite beam. 
The weld not only holds the plates to the I-beams but transmits the 
longitudinal shear existing in the flange of the composite beam. 








To construct this floor an automatic self propelled welding machine is 
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available, which at a demonstration before the Institute of Steel Con- 
struction at its annual convention in 1929 welded the seams at an aver- 
age rate of 912 in. per minute on 3/16 in. steel floor using 275 amperes 
and 22 volts in the are with a 3/16 in. diam. electrode. 


Welding and the Building Codes 


Practically all cities and many towns in the United States have build- 
ing codes which to a greater or lesser extent regulate the types of build- 
ings and the materials of which they are constructed. During the past 
two years, 77 towns and cities have amended their building codes to in- 
corporate permission to use fusion welding in steel building frames. 
The maximum permissible unit stresses, specified in all of these codes 
for proportioning welded joints under quiescent loads are as follows: 


Shear on section through throat of weld......... 11,300 lbs. per square inch 
Tension on section through throat of weld........ 13,000 lbs. per square inch 
Compression on section through throat of weld. ...15,000 lbs. per square inch 


The above are the units recommended by the American Welding So- 
ciety in its “Code for Fusion Welding and Gas Cutting in Building Con- 
struction”; and also recommended by the Pacific Coast Building Officials 
Conference, a society whose members are building inspectors and com- 
missioners of municipalities on the Pacific Coast. 


Procedure Control and Qualifications of Welders 


Procedure control, or the technique of welding, has greatly improved 
during the last two years and the qualifications of welders to perform 
their tasks have been particularly emphasized. The writer uses three 
types of specimens to test welders before they are permitted to weld any 
important work. 


Figure No. 2 shows these specimens: 


Type B is a butt weld made of two pieces of 9 in. by %% in. by 12 in. 
welded to form a piece approximately 12 in. by 18 in.; the welded edges 
being prepared with a double-Vee. Each welder is required to make at 
least two of these plates; one with the weld horizontal, i. e., the plates 
lying flat; one with the weld vertical, i. e., the plates on edge during the 
welding. After machining the welds to the plate thickness each plate is 
cut into tension test specimens 2 in. wide. Average tensile strength of 
each group of arc welded specimens shall be not less than 45,000 lb. per 
sq. In., and the lowest in each group shall be not less than 40,000 lb. per 
Sq. in. 

ype L is a lap welded joint made of two 6 in. by 1% in. by 8 in. plates 
clamped one on the other with the 8 in. edges in alignment, but with 
the 6 in. edges offset 4% in. A full % in. fillet weld is made along one 
6 in. edge. Upon completion and after cooling the plates are broken apart 
by wedging at the unwelded 6-in. edges, and the fractural metal shall 
show good fusion of weld and base metals; good penetration into the root 
the fillet; bright, dense, even textured, crystalline or fibrous weld 
tal, irregularly torn and void of iridescent colors. 


| Type F isa fillet welded specimen consisting of two 4 in. by 1 in. by 
in. plates spliced for a tension test with two 3 in. by %4 in. by 6% in. 
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splice plates. The welds are % in. triangular in section and each 2', jn, 
long, making 10 in. of fillet on each side of the splice. The craters in this 
specimen are filled to the full section of the weld. Each welder is re- 
quired to make at least two of these specimens which, when tested in 
tension, shall show at least an average ultimate longitudinal shearing 
stress of 44,000 Ib. per sq. in., and the lowest in the group shall! show at 
least 38,000 Ib. per sq. in. of minimum section of fillet. 
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Fig. 3—FILLET WELDS IN LONGITUDINAL SHEAR 





Table No. 2 exhibits a series of qualification tests to determine the 
ability of three welders. It is noted that the ultimate tensile strength of 
the welded joints as determined by tension tests on 2 in. by ‘4% in. strips 
was from 49,000 to 55,700 lb. per sq. in. 


Table No. 3 sets forth a series of qualification tests to determine the 
ability of three welders whose fillet welded specimens like F in Figure 
No. 2 gave ultimate longitudinal breaking strengths of from 133,100 |b. 
to 155,200 lb. corresponding to ultimate longitudinal shearing strengths 
of 13,316 and 15,520 lbs. per linear inch for %% in. fillets. 


The test data of Tables No. 2 and No. 3 are typical of welding of this 
sort, of which there are sufficient data for the design of all ordinary cases; 
but when the American Bureau of Welding’s Committee on Structural 
Steel Welding completes its very comprehensive series of tests on gas and 
on electric welded joints a splendid lot of data will be available. 


Strengthening Steel Structures by Welding 


A very interesting development is the application of welding to 


strengthening existing steel bridges and buildings which are over- 
stressed. 


Some outstanding examples of bridge strengthening are: 


Reinforcing an old railroad bridge over the Missouri River at Leaver 
worth, Kan., consisting of one 400 ft. movable draw span and two 300 ft 
mixed spans of steel trusses, which on account of increases in weivht of 
rolling stock had become too light for recent traffic. In this work 225,000 
lb. of structural steel were added by welding; 7500 linear feet of welds 
and 2000 lb. of welding wire were used during the reinforcement which 
took place between Feb. 28 and April 28, 1928, without interrupting nor- 
mal railroad traffic. 


An old single track Pennsylvania Railroad Bridge over Susquehanna 
River at Havre de Grace, Md., had an additional floor system welded into 
the old trusses above the existing floor to convert the structure into 4 
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double-deck highway bridge for heavy automobile traffic. This bridge, 
consisting of several spans, is about 3000 ft. long; 1500 tons of steel were 
thus added to this structure by the Maryland State Road Commission. 


In some cases, in strengthening existing trusses or girders by welding 
additional steel to the old work, a transference of a part of the dead load 
stress from old to new work is necessary when, without such transfer, 
the dead load stress in old work would remain too large. 





TABLE NO. 2 
Results of Qualification Testssof Three Welders. 


Tension Tests on Butt Welds. See Specimen B, Figure No. 2. Minimum cross 
section of each specimen approximately 2 in. by 1/2 in. 


Welder Area of Cross Tensile Strength, 
Number Specimen Section,Sq.In. Lb. per Sq. In. Fracture 


Bl 0.88 53,400 Outside of weld 
Bl 0.87 50,400 Outside of weld 
Bl 0.88 53,800 Outside of weld 
Bl 0.88 54,200 Outside of weld 
Bl 0.88 54,400 Outside of weld 
B2 0.88 54,600 Outside of weld 
B2 : 55,000 Outside of weld 
B2 . 54,800 At weld 
B2 ; 54,600 Outside of weld 
y 55,700 Outside of weld 
54,500 At weld 
55,000 At weld 
54,000 At weld 
54,600 At weld 
53,800 Outside of weld 
50,600 At weld 
51,200 At weld 
52,200 At weld 
53,400 At weld 
49,000 At weld 
52,600 At weld 
55,200 Outside of weld 
52,800 At weld 
50,600 At weld 
52,000 At weld 
52,800 At weld 
50,200 At weld 
50,800 At weld 
52,700 At weld 
53,400 Outside of weld 
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0.9 
0.9 
0.98 
0.9 
0.9 
1.0 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.9 
0.8 
0.8 
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TABLE NO. 3 


tesults of Qualification Tests of Three Welders. 3/8 In. Fillet Welds Tested 
in Longitudinal Shear. See Specimen F, Figure No. 2. 


Welder Yield Point, Ultimate Ultimate Load, Lbs. per 

mmber Lbs. Loads, Lbs. Linear Inch of Fillet 
A 117,000 149,000 14,900 

A 116,000 154,000 15,400 

B 119,000 133,600 13,360 

B 117,500 133,100 13,310 

C 115,500 140,500 14,050 

C 114,900 155,200 15,520 
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Consider, for example, a plate girder tension flange consisting of two 
angles to which is to be welded a plate to increase the flange area. If 
the plate be welded without preheating, the dead load stress remains car- 
ried by the angles only. To transfer a part of the stress to the plate, the 
girder must needs be temporarily supported and raised during the weld- 
ing, or else the plate must be preheated to a proper temperature so that 
when welded it will carry its full share of dead load stress. The problem 
can be shown thus: 


1. How many degrees, D, increase above air temperature are required 
to cause a unit stress, in the added steel of S lb. per square inch? 


SL 


E 
Change in length of added steel due to heat — DC 


S 


Change in length of added steel due to stress = 


Equating these and solving for D, D = 


Where S = unit stress in the steel added. 
= length in inches of steel added. 
= degrees Fahrenheit. 
== linear coefficient of expansion per degree Fahr. 
= Young’s modulus of elasticity. 


S" 


Y 


RANITY 


FiGuRE-4 


DISTRIBUTION OF WELDS WITH MEMBERS OF 
UNSYMETRICAL CROSS SECTION. 


2. How may the above change in temperature with corresponding unit 
stress be most simply determined and secured? 


By welding to the old steel one end of the new steel and heating the 
new steel till its length increases an amount equal to DCL; then while the 
new steel is hot weld the other end, and complete the intermediate welding. 


For example: Suppose it is desired to cause a stress of 10,000 |b. per 
square inch in an added plate having a length of 300 inches, how many 
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degrees Fahrenheit must the plate be heated and what will be the cor- 
responding increase in length? 
S 10000 
; . — 50 deg. Fahr. 
D= 5 30000000 (0.000007) —— 
1 in. 


Increase in length DCL = 50(0.000007) 300 0 


s rectly. i SL 10000 (300) 0.1 j 

or more ‘tly, increase = = 0. 1. 

r more directly, increase E 30000000 iI 

The above method was applied to strengthening a New York Central 
Rajlroad over head bridge in the Bronx, New York, between East 157th 
Street and East 159th Street. 
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3 FILLETS 




















FIGURE-5 


PLAN OF LOWER FLANGE OF PLATE GIRDER SHOWING 
REQUIRED SPACING FoR 3 ince FILLETS, 
CONNECTING WEB AND FLANGE. 


Design of Welded Joints 


In designing welded joints the same general principles are to be fol- 
lowed as in designs of riveted construction—gravity axes of truss mem- 
bers should meet at a point or allowance made for the eccentricity; welds 
should be distributed in accordance with the location of the gravity axes. 
In general, the practice is to so arrange joints in trusses to throw fillet 
welds in longitudinal shear. However, as it is often desirable to use them 
in transverse shear, recent tests indicate that the ultimate shearing 
strength of these two classes are nearly the same. 


An example of a joint with fillet welds in the longitudinal shear is shown 
n Fig. No, 8, where a stress of 42,000 lb. is to be transferred from plate 
A to plate B; using %% in. triangular fillets at 11,300 lb. per sq. in. The 
throat or minimum dimension of the weld is 0.266 in., which, at 11,300 
lb. per sq. in., is 3000 Ib. per linear inch of fillet. Fourteen inches of fillet 
are required, 7 in. on each side, as shown in Fig. No. 3. 


But if the tension piece A be of unsymmetrical cross section, the dis- 
ution of the welds would be as shown in Fig. No. 4; the total number 
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of linear inches of fillet at 3000 lb. per linear inch being 15 in., arranged | At 
as in Fig. No. 4, with 10 in. at X and 5 in. at Y. 80,0 
15(4 7 
Fillet at X = —— = 10 in. 5 or 
T 
15(2 : 
raayY =o oe axis 
6 ment 
i al, Fillet at X = th 
or, in general, lilet a = S(at+b) 
, . Pa 
Fillet at Y = Stadb) 

Where § is the permissible unit strength of fillet in lb. per linear inch r 
and a and b are distances from edge and back of the member respectively is, tl 
It should be noted that moments of the welds on an unsymmetrical section F 
may also be balanced by using different cross-sections of fillet welds. requ 

2 1 

= requ 
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Fic. 6—GENERAL ELectric Co.’s Arc WELD BUILDING aT WEST PHILADELPHIA, PA. 


Another example of the use of fillet welds is shown in Fig. 5, where 
the flange, consisting of a channel, is welded to a web of a plate girder 
by intermittent welding. Given a web 42 x 5/16 in.; a flange of one 
12-in. channel weighing 25 lb. per ft. with its center of gravity (.68 10. 
from its back, a web thickness of 0.53 in., and an area of 7.35 sq. in.; an 
end vertical shear on the girder of 80,000 Ib. resulting from a load of 4000 
lb. per linear foot on a span of 40 ft. Assuming % in. intermittent fillets 
each 1 in. long connecting the 12 in. channel to the 42 x 5/16 in. we, how ; 
far apart in the clear should these fillets be spaced to carry the long' 
tudinal shear from flange to web? Use 3000 Ib. per linear inch for the 
fillet 1 in. long. 
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At end of girder, the longitudinal shear is 
80,000 x 153 
8338 , 


5, or 735 Ib. per linear inch for one side. 


1470 lb. per linear inch for two fillets marked G in Fig. 


The 153 is the statical moment of one channel with respect to neutral 
axis of the girder and = 7.35(21.53—0.68) — 153. The 8338 is the mo- 
ment of inertia about the girder’s neutral axis and is found thus: 


os oii 
55 X 7g X (42)' = 1929 


6409 . Se 

= gagq inch units 

The spacing required for the *%% in. x 1 in. fillets at the end of the girder 

3000 ‘ . /; a ' 

is, therefore, 735 4 in. approximately, arranged as in Fig. 5. This 

requires % in. x 1 in. fillets alternating with 3 in. open spaces. If 
3000 x 2 


735 


2x7.35 (21.53—0.68)* + 4.5 = 


. in. x 2 in. fillets be used, the clear spacing would be, 8 in., 


} requiring 2 in. fillets alternating with 6 in. open spaces on each side of the 


web. Although this computation has been made here to illustrate the 
method. most designers use continuous *% in. fillets, not intermittent, for 
such cases. 
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7—WESTINGHOUSE ELEC. AND MFc. Co.’s WreLDED BUILDING AT SHARON, PA 


Testing the Quality of Welds 
sting welded specimens to destruction gives data for use in designing 
d joints, affords a satisfactory method of qualifying welders before 
ning to weld an important structure and aids in maintaining a 
‘ard of workmanship during the period of construction. But de- 
tive tests on the structure itself to ascertain the quality of welding 
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. ; i t 
are not, in general, practicable. Consequently, attempts are being mak © 
to secure a non-destructive test by which the work can be tested and its @ 
safe carrying power assured. 


Visual inspection still remains as the method most extensively used; iy 
fact, so far as buildings and bridges are concerned, this is practically the 
only means employed. That it has been fairly satisfactory is shown by § 
the absence of any failures in the welded buildings thus far erected, som 
of which have received very careful! visual inspection and others very little J \V 
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Fic. 8—LInDE AIR PrRopuctTs Co.’s OxyY-ACETZLENE WELDED BUILDING AT 
NIAGARA FALLS, N. Y. 


inspection of any kind, a state of affairs common in all types of building | 
construction. 


Nevertheless, considerable progress has been made in devising non- 
destructive tests for welds. Among the most widely discussed methods 
are: i. 
Electrical; by which the resistance to passage of current is utilized oa 
detect the location and magnitude of a defect, such as a crack, within the weld wo 

Stethoscope ; to detect by means of sound the presence of a crack or other 
spot differing from the normal welded metal. The main tube of the instrument 
is held on any part of the welded specimen while the weld is struck by 8 
hammer. 

X-ray, whereby a weld is photographed to locate defects. This method has 
not yet arrived at a stage where it can be utilized in a practical manner for 
testing building construction but as a means of analyzing the quality of work 
done in order to establish a proper welding technique it is of merit. 

All of these non-destructive tests are of value, but none have be« n used 
to any large extent for investigating the quality of welds in steel bridges 
or building frames. 








Arc Welding for High Structures * 
By GILBERT D. FISHt 


ELDING for building construction is receiving considerable atten- 

tion in connection with proposed modification of building laws in 
New York and some other cities. The interest of the public, as reflected 
by the press, is concerned chiefly with the noise-eliminating feature of the 
welding process rather than with cost-saving or technical advantages. 


Many cities and towns have already permitted welded building con- 
s struction, in most cases without any changes in or additions to their 
building ordinances. Important instances can be cited in Newark, Boston, 
Philadelphia, Atlantic City, New Haven, Cleveland, Dallas, Los Angeles 
and Albany, but most if not all of the welded or partly welded buildings 
in those cities have been regarded by the authorities as special examples 
which did not commit them to recognizing the welding method for build- 
ings generally. The largest all-welded building is the new 11-story 
Westinghouse laboratory at East Pittsburgh, where no ordinances govern 

construction methods, and several other record-making operations have 
§ been carried out in small towns where there has been no opportunity to 
establish valuable legal precedent. 


It is noteworthy that welded building practice has grown and set a 
fine record of success in the face of serious interference by building ordi- 
nances in our largest cities. This obstruction has retarded the use of 
welding for commercial buildings more than for industrial buildings 
and has had a great deal to do with the low average height of welded 
structures. The first large welded structure of any kind was the Wes‘- 
inghouse factory at Sharon, built 4 years ago; it was 80 feet high. The 
Sharon building was not approached in height by any other welded 
structure until the Yale Library Book Tower, 135 feet high, and the 13- 
story addition to the Homestead Hotel at Hot Springs, were erected in 
1928. The new Boston Edison building, shop riveted and field welded, is 
15 stories; the recently erected Edison building in Los Angeles, mainly of 
welded construction but containing some shop rivets, is 12 stories. 


At a time when competition in high building construction is bringing 
into existence office buildings taller than the historic Eiffel Tower, it 
would be surprising if welded structure of 12 to 18 stories should greatly 
impress the public, even though thoughtful engineers realize that any 
limitation of the welding process making it unsuitable for tall structures 
would have become apparent in the fairly high buildings already con- 
structed. It is precisely because welded structures of great height have 
not yet been built that certain tremendous advantages of welding over 
riveting for that class of work have not yet been realized in practice or 
recognized by more than a few engineers. Quite recently, in connection 

1 proposed modifications of the New York City building code, there 


- a before the New York Section of the A.W.S., Sept. 16, 1930 
‘sulting Structural Engineer, Westinghouse Electric & Mfg. Co. 
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appeared in the press an expression of opinion, attributed to a group of 
engineers, to the effect that experience and precedent justify the use of 
welding in “structures of medium height where no wind stresses are ip. 
volved.” This reservation seems to me unfortunate and misleading, 
because tests and practice have proved the superiority of welded joints 
over riveted ones for resisting the kinds of stress caused by wind. There 
is evidently an immediate need for stating in the plainest possible terms 
the reasons why welding possesses outstanding advantages for wind 
bracing, and why welded construction can definitely be pronounced suit. 
able for buildings of extreme height. 


Tall buildings are distinguished from low ones by heavy columns and 
by bracing designed to resist lateral pressure from high winds. Th 
upper half of a 30-story building is, in the structural sense, a 15-story 
building and is designed as such; the lower half is very different from 
a 15-story building because of the weight of the stories above with their 
contents and because of the wind pressure which must be transmitted 
from the upper stories to the foundation. 


If architectural considerations did not forbid, wind bracing for very 
tall or very slender buildings would generally be accomplished by placing 
X-bracing in some of the vertical panels formed by columns and floor 
beams, thus forming vertical trusses capable of transmitting the hori- 
zontal wind forces to the foundation without inducing bending stresses 
in the members or connections. As the X-bracing method can but rarely 
be used, wind bracing is usually provided by making the beam-to-column 
joints strong enough in bending resistance to prevent collapse of the 
rectangular panels. Although there are numerous conflicting theories 
as to the distribution of wind bracing stress among the many joints in 
any one floor of a building, it is usually nearly true that the aggregate 
of wind bending moments in the joints of a given floor equals the total 
wind pressure above that floor, multiplied by the story height. A build: 
ing does not need to be uncommonly high to have serious bending stresses 
in the joints of its lower stories. 


The commonest way to provide bending resistance in a riveted joint 
connecting a beam to a column is to connect both top and bottom flanges 
to the column by means of angles or other connecting pieces riveted to the 
flanges of the beam and to the column. Bending stresses due to wind are 
resisted by a pair of horizontal forces at top and bottom connections, one 
force developing tension between beam flange and column and the other 
force compression. These forces alternate with reversal of wind direction. 
so that both connections act sometimes in tension and sometimes in com- 
pression. The limit of bending resistance of such a joint is generally 
governed by the strength of top or bottom attachment in tension, which 
tends to pull the connecting member out of shape and elongate the rivets 
of the column connection. Sometimes, when the connection is very heavy 
and contains many rivets, the limit of resistance is governed by the 
tensile strength of the beam flange, weakened by rivet holes. Trianvular 
gusset plates or diagonal knee-braces are occasionally employed :< rei!- 
forcement to increase the strength and stiffness; they are expensi\« and 
architecturally objectionable in most cases. 


Any one of several forms of welded beam-to-column connection< cat 
be made to develop any required bending resistance, up to the limit af 
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strength of the main members, which are not weakened by rivet holes. 
Such a connection is simple, compact and reasonable in cost; in no case 
does it require projecting gusset plates or knee braces, unless for the 
purpose of reducing the stresses or the deformations in the main members. 
One photograph of such a connection is sufficient to illustrate the general 
fact. Such a joint has no element which can work loose or permit high 
local strains such as are common in riveted connections used for the same 
purposes; it follows that a building frame, braced by properly designed 
welded beam-to-column connections, cannot drift due to play or flexibility 
in the joints; all of the drift or deflection of such a frame is due to elastic 














Fre. 1 


deformation of the framework as a whole. For the sake of comfort of 

occupants of the upper stores of very tall buildings it is sometimes nec- 

essary to confine the drift caused by wind within narrower limits than 

are imposed by strength requirements alone. Wherever stiffness rather 

than strength is the criterion for wind bracing design, welding has the 

advantage of greater stiffness than riveting. The taller the structure the 
nger the reasons for preferring welded wind bracing. 


‘or some classes of joints commonly occurring in building frames, 
bility is necessary to avoid dangerous secondary stresses, and in such 

s welded joints should be designed for flexibility of the same order 
found in riveted joints used for the same purposes. Wind bracing 
iections do not fall under this heading; they should be made rigid, 
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and no drawback of any sort results from making them so. Beams con. 
nected to columns by very rigid wind connections, whether welded or % 
riveted, are fixed or continuous beams and should be designed as such tp 
carry floor loads and wind load combined. The prevailing American 
practice of treating riveted beams as simple or unrestrained in their 
action under floor loads leads to serious inconsistencies in design when 
the connections are made very rigid to resist wind. Whereas ignoring 
partial restraint at end connections results in error on the side of safety 
in designing beams for floor load only, the error is on the danger side in 
designing beams to resist wind bending and floor loads at the same time. 


The properties of welding result in advantages for wind bracing pur. 
poses, as follows: 


1. Welded connections can, wherever necessary or desirable, be made 
stronger than the strongest possible riveted connections for the same pur- 
poses. 


2. Welding develops highly concentrated resistance, requiring one- 
third or less of the space needed for rivets to transfer equal load. There- 
fore, welded connections are more compact and require less material 
than riveted ones. Knee braces or gussets projecting below the beams 
are sometimes used in welded buildings where there is no architectural 
objection, but they are never needed to develop the full available strength 
of the members. 


3. Welded joints never work loose; all deflection or drift is due solely 
to elastic deformation of the framework as a whole. Welded joints can 
be made flexible, but for wind bracing the opposite is needed. 


4. It is easy to prove that field welding costs less than its strength 
equivalent in field riveting. Add to this saving the reduction in amount 
of steel required for a connection and the elimination of the shop work 
of punching or drilling rivet holes. The result is that it saves money 
to substitute a well-designed welded connection for a riveted one. 


The question of reliability does not favor either riveting or welding 
as against the other. No one could have years of experience in both 
riveted and welded construction, without holding a conviction that both 
methods are systematically controllable within limits which insure safety. 


Buildings are not the only tall structures. Until recently the Eiffel 
Tower, nearly 1000 feet high, held the world’s record. Possibly some 
organization will presently decide to erect a far taller tower for scientific 
purposes or for service in connection with aviation or for advertising 
and public amusement. It goes without saying that a tower lacking solid 
walls and solid floors can be built far higher than any possible building 
structure, but I am not aware that any engineer has worked out figures 
as to the limiting heights as governed by strength and weight of avail- 
able materials. With the idea of carrying the discussion of tall structures 
into dimensions which have not been explored by actual construction, | 
have made a rough study of an open steel tower one mile in height. While 
there may be no likelihood that such a structure will he built, brief consid- 
eration of its possibilities is repaid by the resulting knowledge th:t it is 
practicable and by certain items of information as to a feasible <esiga 
and the amount of steel required for same. 
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The object of introducing this hypothetical tower into the present dis- 
cussion is to point out the reasons why arc welding would be preferable 
to riveting for such a structure. A skeleton diagram of such a tower is 
shown, with items of information about the form and dimensions of a few 
of the main members. No comparative studies have been made to deter- 
mine whether different proportions would result in greater economy, but 
the base width, taken at one-tenth the height, is evidently about as small 
as could be used under the assumed wind pressure without serious uplift 
at base of windward columns. For designing the steel, wind pressure 
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has been assumed at 20 Ibs. per square foot of exposed vertical surface, 
but as this figure has been applied to all vertical windward faces even 
where partially protected by neighboring members, the allowance repre- 
sents more than 20 Ib. pressure on fully exposed surfaces. Taking into 
account the low ratio of average to maximum pressure where the affected 
area 18 very extensive, and the fact that occasional winds of much higher 
avcrage intensity than the assumed value could safely be resisted by the 
structure as designed, I think the 20 Ib. figure is fair. The foundation 
\«s been tested for stability and soil pressure under 50 per cent extra 

| pressure. Before designing such a high tower for actual construc- 

, [ should want to investigate the wind pressure more carefully, with 
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special reference to wind velocities at high altitudes. All members are 
designed for compression, but require connections and splices designed to 
resist both compression and tension. All main members, including the 
diagonal wind braces, are proportioned with length ratio equal to 60. The 
main posts, forming the four edges of the pyramid, are composed each 
of a cluster of four columns arranged in a square, braced by ‘trusses in 
the four outer planes and by transverse bents; the main compression ele- 
ments are designed for combined effect of the weight above and maxi- 
mum wind compression, at 20,000 lb. per square inch. The main diag- 
onals, made up of column clusters like the main posts, are designed for 
wind compression at 15,000 lb. per square inch, this rather low value 
being intended to take account of fatigue effect of stress reversal. 


To avoid the immense labor of designing this mile high structure 
panel by panel, I have employed mathematical integration to determine 
wind stresses, accumulated weight and cross-sectional areas as functions 
of the distance from the apex. Some errors are, of course, involved, 
mainly in respect to weight of connections, but below the relatively |ight 
top fourth of the tower the formulas are probably correct within 10 per 
cent. I find a requirement of 19,000 tons of steel for a tower with welded 
connections. This does not include any allowance for landing stages, ob- 
servation galleries, elevator hatch framing and other miscellaneous fram- 
ing which would be needed to make the tower useful; the weight of these 
extras and the additional material in the main towers to carry the added 
load might easily bring the total to 25,000 tons. The reinforced concrete 
foundation, designed for maximum soil pressure 2% tons per square 
foot, under conditions of 30 Ib. wind pressure, requires 13,000 cubic 
yards of concrete. 


Under the assumed maximum wind pressure a slight uplift exists at 
base of windward columns. Since the wind tension in windward columns 
varies as the square of distance below the apex, while the compression due 
te weight of steel increases somewhat more rapidly than the cube of the 
distance, the net tensile unit stress decreases with the distance down and 
would disappear at the bottom if the tower were a little higher. I have 
not investigated the possibility of economizing by the use of high-strength 
alloy steel, but the reduced weight of steel would require a wider spread 
of structure to avoid an excessively massive base for stabilization. 


From consideration of the general character of connections required 
for main panel points, lacing truss joints and splices, I estimate that 
riveted construction would require additional connection material amount- 
ing to about 10 per cent of the total steel in the structure, and some addi- 
tional material in the main columns to carry that additional weight. This 
difference in amount of steel is alone a substantial reason for preferring 
welding. Another reason is the simplification of fabrication due to saving 
rivet holes in very thick material; another is the general cost saving in 
the field welding operation as compared with driving equivalent riv«ts: 
still another is the reduced cost of repainting steel which is free of rivet 
heads. Finally, there is an indeterminate amount of extra stiffness in 4 
welded structure due to complete absence of slip and play in the joints. 


If such a structure, or an even higher one, is ever built, I think it wi!! be 
welded. 





A Rational Method of Welded Connection Design 


By ANDREW VOGELt 


~ NGINEERS have become so accustomed to standard riveted connec- 
K tions of beams to girders or columns that the method of determin- 
ing the number of rivets required is rarely considered. Welding connec- 
tions. on the other hand, are new and should be subjected to careful 
analysis in order to be certain that the stress in any part of the weld 
does not exceed that desired. 


Two methods of weld connection design are in use: the first is known 
as the shear method and the second as the shear-and-moment method. 
The shear method involves only determining the end reaction of the beam 
and then dividing this reaction by the unit stress per linear inch of weld 
in order to obtain the number of inches of weld metal required. As an 
example, assuming a reaction of 16,800 Ib. and a unit stress value of 
3000 Ib. per linear inch for a *%%-in. fillet weld, 5.36 linear inches of weld 
will be required (16,800 — 24,000 — 5.36). Assuming that an angle 
bracket will be used having both ends available for welding, there will be 
provided one-half of 5.36 or 2.68 linear inches of weld on each edge. 
This indicates the selection of a 3x3x7/16-in. angle as the seat angle, 
with 3 in. of weld in vertical lines on each end. The shear method is 
short, and while to date it has proved satisfactory, this is more the result 
of the low unit stress values used than it is of the efficiency of the method 
itself. 

The second method requires more study, but the results are more con- 
servative and represent better engineering. Considering again the above 
assumption of a reaction of 16,800 Ib. and %<-in. fillet welds at 3000 Ib. 
per linear inch: The metal itself can be designed for a bearing pressure 
of 24,000 lb. per square inch, so that 0.7-sq. in. bearing is required (16,- 
800 24,000 = 0.7). The beam flanges, however, will deflect upward 
if this pressure is distributed over the entire width of flange, and the 
angle clip would deflect downward if the pressure is distributed over its 
width or concentrated at its outer edge. Analysis of the beam shows that 
a pressure of 24,000 Ib. per square inch may be distributed over a width 
equal to the thickness of web plus the depth of flange where the flange 
joins web, without overstressing the lower fibers of the beam. A study 
of the angle indicates that, because of the relative rigidity of beam and 
angle leg, the leg will deflect; thus placing the actual center of the reac- 
tion near the fillet of the angle. Construction considerations also require 
that beams shall be cut short so that they can be readily placed and also 
that lengths may be received plus or minus %% in. or mill tolerance. It 
vill be assumed that a gap of % in. exists between the end of the beam 
ind the surface of the column to which it is to be connected. 


| The calculation of the beam-bearing area proceeds from the dimensions 
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of the beam. Assume the beam in question to have a web thickness ¢ 
0.355 in. and a flange thickness at the surface of the web of 0.764 jy 
The sum of 0.355 in. and 0.764 in. is 1.12 in., one dimension of the bearing 
area. Since the bearing area required is 0.7 sq. in., the other bearing. 
area dimension is 0.7 -— 1.12, or 0.63 in. The bearing area, therefore, i 


0.63 in. parallel to the beam axis and 1.12 in. perpendicular to the bean J 
axis, as shown in the accompanying illustration. Adding 0.63 in./2 i 4 
0.375 in. equals 0.69 in., the moment arm. As the reaction is 16,800 }h,| 
the moment at the surface of the column is 16,800 0.69 in., or 11,60) 


in.-lb. The shear at the surface of the column is 16,800 lb. 
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Plan A-A 


F1G. 1—DESIGNING A WELDED CONNECTION BY THE MOMENT-AND- 
SHEAR METHOD 


From the first example, using the shear method, it appeared that a 3-in. 
vertical leg angle was required for shear only. Therefore, it is best to 
start the calculation by the shear-and-moment method by assuming at 
angle with a vertical leg of 4 in. The calculation for the stress in the 
weld at the extreme ends of welds is as follows: 

16,800 
4x2 welds 
6x16,800x0.69 
2 welds x (4)’ 


From shear, f = == 2,100 lb. per linear inch 





From moment, f = = 2,175 lb. per linear inc! 


Stress due to shear is vertical, while stress due to moment is horizontal. 
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Combining 2,100’ plus 2,175° equals 3,020°, or the maximum effect due to 
combined shear and moment is 3,020 lb. per linear inch of %¢-in. fillet 
weld. It appears, therefore, that the connection is conservatively de- 
signed and that a 4x3x7/16-in. angle is required with 4 lin. in. of %-in. 
fillet weld applied in vertical lines on both ends of the angle. When the 
beam has been erected it is well to apply 2 in. of %-in. fillet weld to con- 
nect the edges of the beam to the angle. The second method described, 
which is illustrated in some detail in the accompanying drawing, is the 
better method of the two discussed, as the results are more conservative, 
and better knowledge of forces acting and stresses involved is provided. 
The second method offers the possibility of extension to cover various 
types of connections involving horizontal and vertical lines of welding. 
It also accounts for the higher test values shown by angle clips welded 
to columns by horizontal lines of welding instead of vertical lines. The 
second method deserves particular consideration in view of its wide range 
of application and the simplicity of the calculations. 


Abstract Thesis 
“Studies of the Iron Arc”’ 


C. A. Stay, E. 8. PHELPS AND R. B. GEORGE* 


Under the direction of Prof. F. Creedy, Electrical Engineering Department, 
Lehigh University 


Editors Note: This thesis covers the results of experimental investigations 
of the Iron Are made with low currents (up to 5 amps.). While the results 
are not directly applicable to the welding field, nevertheless they are of interest. 
The apparatus is so simple that it might be of interest to other investigators. 
Extracts from this thesis are, therefore, given below. 


{VOR obtaining data on the iron arc ordinary uncoated iron electrodes, 

5/32 in. in diameter, were used. These were clamped in movable 
jaws so that the arc length could be adjusted at will. Current was at 
first supplied by means of a welding generator, with suitable resistance 
in the circuit to limit the current to from 1 to 5 amperes. An ammeter 
was used to measure the current and a voltmeter was connected across the 
two electrodes to measure the potential difference. An adjustable tele- 
scopic type magnifying lens was placed in front of the are so that the 
magnified image of the arc appeared on the screen. The screen was 
placed to give a magnification of from 18 to 30 times actual size. A 
covering was used to exclude outside light from the screen and give a 
clear bright image. A sketch of this set-up is shown in Fig. 1. Later 
the equipment was transferred to the Packard Laboratory and the storage 
batteries were used to supply current. The batteries were found to give 
4 more constant voltage and the results were better. The length of the 
are was measured between the tips of the electrodes on the screen. Due 
to the uneven surfaces of the electrode tips while the arc is in operation 
it was thought that some error in measuring the arc lengths might occur 
due to parallax. To overcome parallax another magnifying lens was set 
ip In @ position at right angles to the first and the image thrown on a 
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mirror, from which it was reflected onto the screen. Measurements of 
the arc length on the two images thus obtained showed very slight differ- 
ences, so it was decided that the effect of parallax was negligible. The 
magnification factor was found by placing an electric light behind the 
electrodes and measuring the actual rod diameter and the diameter of the 
projected image. 


For study of the arc in nitrogen a mechanism for operating the 
electrodes was mounted on a wooden panel with the control rods coming 
through the back of the panel. A glass bell jar was then placed over the 
electrodes and held firmly in place by bolting it between two wooden 
panels. Inlet and outlet valves were provided in the panel at the open 
end of the bell jar so that nitrogen could be’ blown through the jar. 
Contacts connecting to the two electrodes were mounted on the outside 


aera TRODES 





DIAGRAM OF SET-UP 
FOR AIR ARC 




















of the panel. A diagram of this apparatus is shown in Fig. 2. The 
magnifying lens was placed outside the glass bell jar and focused so that 


the image of the arc was thrown on the screen. 


For the constant current curves the current was held at a constant 
value and the arc length varied from the smallest amount measurable on 
the screen to the greatest length at which the are could be maintained. 
The are lengths were measured on the screen and the voltages across the 
arc noted for each arc length. It was found necessary to apply a correc- 
tion to the measured voltage drops because the slag at the electrode tips 
caused a slight drop of voltage. This correction was found by placing 
the electrodes in contact after a run had been made and noting the 
voltage drop for different values of current. Since the corrections varied 
considerably from day to day an average value was used in applying the 
correction to the measured voltages. 


Description of the Arc in Air 


The magnified outlines of the arc were obtained by placing a shee! 
-paper on the screen and tracing the outlines of the image. The « 
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of the electrodes are a bright orange in color due to the intense heat of 
the are. The cathode spot is a small blue area near the tip of the ‘athode. 
This is surrounded by a light orange area, known as the reduction area, 
where the heat of the are reduces iron oxide to pure iron. In observing 
these arcs it was necessary to use currents of less than 5 amperes since 
any larger current caused spattering of the arc, accompanied by rapid 
changes in length so that accurate observations were impossible. How- 
ever, with the higher currents it was possible to observe the transfer of 
metal across the arc. The exact nature of this phenomenon is not known, 
but several theories have been advanced. One such theory is that the 
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Fie. 2 


gases liberated at the cathode form an iron bubble which is blown across 
the are by the expansion of the gases from heat. The observations made 
in the experimental work on the iron arc tend to confirm this theory. 


Observation of the are when just sufficient current was flowing to 
cause a slow transfer of metal (about 10 amperes with 5/32 in. elec- 
trodes) showed very clearly that a gradual increase in size occurred at 
the tip of the cathode, similar to the formation of a bubble. This ap- 
parent bubble was unstable in size and shape, having the appearance 

boiling. This agitation increased until it appeared to tremble violently, 

which time it suddenly disappeared accompanied by a loud cracking 
ind and metal was transferred across the arc, to the accompaniment 

' spattering of the arc. These transitions of metal increase in rapidity 


the current is increased until with the actual welding arc rapid fluctua- 
ns of current occur. 
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Description of the Arc in Nitrogen 


The are in nitrogen apparently does not rise to as high a temperature 
as the arc in air since the orange colored area at the tips of the electrodes 
does not spread as far. The cathode spot has the same appearance as in 
air, but there is no reduction area surrounding it, due to the absence of 
oxygen. At the tip of the cathode spot is a band of deep purple shading 
gradually to the bright blue of the core. The core in nitrogen is a much 
deeper shade of blue than in air and in the absence of oxygen the core 
is not surrounded by the yellowish striata observed in the air arc. The 
core shades off to a very light blue at the surface of the anode. The 
same blue white reflection of the cathode spot is observed on the anode. 























Fic. 3—CurvEs A AND B 


During the operation of the arc in nitrogen a heavy yellowish brown 
deposit formed on the walls of the bell jar. Analysis showed this to be 
iron particles which had been partly oxidized. These particles had ap- 
parently been thrown off from the anode since they were concentrated 
most thickly above the anode. 


With the first tank of nitrogen used for this experimental work the 
arc was very stable and the arc length could be extended to about 9 
millimeters without causing the arc to break down. With the second tank 
of nitrogen used an unstable arc was obtained in which the potential 
difference for a given length was less than before. With an arc in pure 
nitrogen the voltage drop was considerably less than in air, but the un- 
stable condition caused this voltage drop to decrease still further. 
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Conclusions 

The experimental work on the iron are proves conclusively that the 
potential difference across the arc does not vary as a straight line func- 
tion of the are length nor as the first power of the current, either in air 
or in an inactive gas such as nitrogen. 

The exact curves are shown in Fig. 3 and 4 A, B, C, D, E, which have 
been carefully checked. The tendency to instability in nitrogen is shown 
by the fact that the curves taken on different occasions do not agree so 
closely as in the case of air. Each of the curves in air is the mean of 
three sets of observations taken by different observers on different days. 


Fic. 4—Curves C, D and E 


Each of the curves in. nitrogen is the mean of two such sets of observa- 


tions. These curves may be very closely represented by the following 
equations: 


The Iron Are in Air 
—.35 . .185i 
Volts = 48i l 
The Iron Are in Nitrogen 
Volts = 35i 1 
i = current in amperes. = arc length in millimeters. 


A considerable number of values of the four numerical coefficients ir- 
volved can be found which all fit the curves nearly equally well. This is 
‘ue to the fact that a given variation in one coefficient may be compen- 
sated for by a corresponding variation in another. 
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The Progress of Bronze Welding 
DEW. ENDICOTTt 


HE constantly increasing use of bronze-welding throughout all ip. 
dustries for making joints in nearly all ferrous and non-ferrous 
metals makes it desirable to discuss in some detail the uses of this ap- 
plication. As recently as eight years ago bronze-welding was little known 
outside of a very few large industries. Today practically all commercia! | 
metals are being bronze-welded, the size of the work imposing no limita- 
tion on the use of this process. It is even interesting to compare the 
work being done by this method only three years ago with the tre- 
mendous variety of work being done today. 


Fic. 1—AUTOMOBILE CYLINDER BLOCK BROKEN IN THIRTBEN PLAces Ri 
STORED BY BRONZE-WELDING 


Bronze-welding should not be confused with brazing, although the 
process is somewhat similar. Brazing, which metal-workers have em- 
ployed for a long time, consists in heating the metal parts to be joined 
hot enough to melt a brass alloy called “spelter,” usually supplied in 
powder or chip form, so that it flows into the fluxed joint. The use of 
the oxy-acetylene flame to accomplish brazing led to the development of 
the modern art of bronze-welding. In bronze-welding, the bronze is sup- 
plied in the form of welding rod and the oxy-acetylene flame serves 10 
heat the base metal to the proper temperature as well as to me!t the 
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welding rod. The operator is thus enabled to control the work accurately 
at all times. Although not a fusion weld, in many cases a bronze-weld 
made with a high grade bronze-welding rod and good flux produces a 
joint comparable in strength and reliability to a fusion weld. 


Bronze-welding is extensively used today both in repair and production 
operations. It is used in three general ways: for producing joints in 
metals with a higher melting point than bronze, which includes nearly 
all commercial metals; for building up worn surfaces and for making 
fusion welds in bronze itself. 


Fic. 2—LIMESTONE CRUSHER IN CEMENT PLANT. A LARGER Bronze-WELDED 
Cast Iron REPAIR 


Cast Iron 


The bronze-welded joint made in cast iron is the most familiar appli- 
cation of this process. This application is especially advantageous as the 
joint can be quickly made with the application of very little heat. In 
bronze-welding cast iron general preheating in a furnace is seldom neces- 
sary. Some preheating may be required for large castings, but it is 
usually possible to arrange some means of supplying the heat locally, 
as only the parts in the immediate vicinity of the break need to be heated. 
This means that large castings need not be dismantled but may be 
welded in their operating positions. Frequently the entire cost of a 
bronze-welded repair is far less than just the labor cost of dismantling 
the machine to permit repair by any other method. 


For small castings, the welding blowpipe itself is used as a convenient 
means of preheating the part before welding. 
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Cast iron should be prepared for bronze-welding by chipping or grind. 
ing the surfaces to be joined to form a vee; cleaning them thoroughly 
after grinding so that the bronze will have a clean surface to which tp 
adhere. After the parts are aligned in the correct positions, the blow- 
pipe flame should be played on the metal surrounding the break so that it 
is heated gradually to the point where it begins to glow. If the cast iroy 
is being preheated for bronze-welding, it should be heated only to a black 
heat, which is the point just below that of the dull red required for 
bronze-welding. A casting hot enough to char a crumpled newspaper 
or sawdust is ready to weld with bronze. However, the surface being 
welded must be brought by the blowpipe to the proper temperature, as, 
if it is too hot the bronze will boil and run off like mercury and if it is 
not hot enough, the bronze will not adhere. 


F1G. 3—DIigseEL ENGINE FRAME REPAIRED IN TUG 


The use of a high strength bronze welding rod and suitable flux is 
essential to successful bronze-welding. While the metal of the casting is 
being heated by the blowpipe flame the end of the bronze rod should be 
heated and the hot end dipped in the can of flux so that sufficient flux will 
adhere to the rod. The end of the fluxed rod should be melted onto the 
heated spot. With the metal at the proper temperature, the molten bronze 
will flow in a thin layer and spread out over the metal ahead of the main 
deposit to produce the tinning coating. Proper tinning is a vitally im- 
portant factor in the technique for bronze-welding cast iron. After the 
tinning layer has been obtained, more rod can be added rapidly «nd the 
vee quickly built up. A section of the metal about 2 in. along the vee is 
heated and the weld made in the above manner, first tinning, then build- 
ing up. The next increment is then made. Fluxing should be continued 
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throughout the operation so that any impurities or bubbles of gas in the 
weld metal will be removed. As in all ripple welding a swinging motion 
with the blowpipe is used, care being taken that the inner cone of the 
blowpipe flame is kept between 4g and %4 in. away from the surface of 
the puddle. 


It is advantageous for a bronze-weld to cool slowly and in the case 
of a large casting a sheet of asbestos paper is often used to cover the 
finished job and protect it from drafts during the cooling. No stress 
should be placed on a bronze-welded joint until it has completely cooled. 
The finished weld may be cleaned with a wire brush to remove any excess 
flux or impurities which may have risen to the surface. 


Fic. 4—STeam CYLINDERS OF INDUSTRIAL LOCOMOTIVES 
ARE BRONZE-W ELDED 


e bronze-welding of cast iron has been a standard practice in the 
of automotive repair. Cast iron cylinder blocks are regularly re- 
| by bronze-welding by the oxy-acetylene process. Nearly all auto- 
repair shops today are familiar with the practice of bronze-weld- 
ast iron. An automobile cylinder block may be bronze-welded in 
although it is recommended that if convenient the block be removed 
laced in a position in which it may be most easily welded. If the 
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block is left in the car, all other parts of the machinery must be protected 
from the heat of the oxy-acetylene flame, and all gasoline thoroughly 
drained. A variety of types of cracks occur in cylinder blocks. Often the 
crack is in the water jacket in the head, in the cylinder wail, in the cor- 
ners of the block, or in the cast iron arm. The water circulation system 
should be drained below the level of the crack and the cooling system 
vented so that no pressure will be built up from the heat. Some shops 
make a practice of running the motor for a few minutes with the cool- 


ing system drained so that the casting will be preheated to a certain ~ 


Fig. 5—Crack Srx Freer LONG IN 

LARGE Cast [RON PIPE FOUNDRY 

FLASK BRONZE-WELDED BY OxyY- 
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As in all cases of the bronze-welding of cast iron, the crack should 
be chipped out throughout its entire length and slightly beyond the ex- 
Stremes of both ends where the crack may not be evident on the surface 
f the metal. The same general rules for bronze-welding apply in re- 
pairing cylinder blocks as in other cast iron repairs. Where a piece of 
Sthe cast iron is completely broken out of the block, it should be tack- 
welded in place with the bronze-welding rod before the final bronze- 
welding is accomplished. 

Within the last two years the bronze-welding of cast iron has been ex- 
tended to pieces of machinery of tremendous size, many of which would 
formerly have been considered unweldable. Large presses which often 
= become fractured through overloading are regularly repaired in bronze- 
welding. Rock crushers or limestone crushers used in rock products and 


Fic. 6—SHEAR Ver JorInT tn Cast IRoN Pires witH BrRONzE-WELD 
PARTIALLY COMPLETED 


cement plants have been among the more recent bronze-welding repairs 
made by the oxy-acetylene process. When bronze-welding repairs of this 
size are being made it is frequently necessary to have gas torch pre- 
heating flames constantly playing on the cast iron which is to be bronze- 
welded in order to maintain the proper heat. In jobs of this size repairs 


would be practically impossible were it not for bronze-welding, as the 
difficulties of preheating castings of this size in a furnace would be tre- 
» mendous. In a number of cases within the last few months, enormous 

3 iron power shears used for cutting steel billets have had the side 
lrames cracked under the strain and have been restored to service by 
bronze-welding. Repairs to Diesel engine frames by means of bronze- 
welcing are also becoming more common. In one particular case a cracked 


Dic-el engine frame was repaired in a tug without removing any of the 


Cas 
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parts to the shop, the welding being accomplished below the water 
line of the tug. If bronze-welding had not been employed a complete dis. 
mantling of the engine would have been required. Many castings of yp. 
usual size, such as are used on underground pumps in mines have beep 
saved from the scrap pile by this application. 


Industrial type locomotives are used extensively by large manufa. 
turing plants, mines and lumber companies and _ bronze-welding has 
proved to be invaluable in keeping this equipment in service. 


Cast iron foundry flasks are frequently broken and it is only in recent 
years that the foundries have realized the tremendous savings which may 
be effected by reclaiming them. Formerly these flasks were scrapped 
and the metal remelted but today the speed and economy of bronze-weld- 


Fic. 7—New STEEL Rims BrRoNzE-WeELDED To Cast Steet TrRucK 
HEEL SPOKES 


ing have led-to its use by a: great number of foundries. These flasks 
receive particularly hard service and, after each pouring, the mold is 
frequently dropped several feet to clean it so that breakage is quite fre- 
quent. Intricately shaped flasks for thin castings are particularly valu- 
able and worth reclaiming. Foundry welding departments are called upon 
to bronze-weld long seams and also patches. Sometimes these cracks ex- 
tend for 6 ft. or more. In small flasks breakage occurs frequently by 
enlargement of the hole. These holes are now filled with bronze and re- 
drilled. A bronze bushing of this type will never work loose. The sa\- 
ings which foundries have effected by this means of reclamation are 
enormous. 


During this year an increasing number of water pipe lines have bee? 
constructed of cast iron pipe with bronze-welded joints. The bronze 


welded joint of the new improved shear-vee type, made under procedure § 


control methods, is free from leakage and future maintenance expense. 
Municipal water departments in all parts of the country are realizing the 
value of this application. Not only is bronze-welding employed t make 
joints in cast iron pipe on pipe lines but also the standard 12-ft. length 
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of cast iron pipe are double-lengthed into 24-ft. sections at the foundry 
by bronze-welding before they are shipped to the job. This practice is 
recommended because it reduces the number of field joints to be made and 
facilitates transportation. In certain cases, cast iron pipe has been 
triple-lengthed at the foundry and shipped in 36-ft. sections. When 
aligning the pipe for welding, the joint should be tack-welded in three 
places, and, when the actual welding is being done, the puddle should be 
started and maintained near the top quarter of the circumference, so 
that the pipe has to be rotated during welding. It may well be em- 
phasized again that the bronze-welding of cast iron pipe should be done 
only in accordance with procedure control. 


Fic. 8—CLoseuP or BRONZE-WELD IN GALVANIZED IRON PIPE 
Malleable Iron 


Bronze-welding is the only successful method of making strong joints 
in malleable iron castings. If malleable iron is melted, its malleable prop- 
erties are completely destroyed and it is almost impossible for the user 
to restore them as they are the result of a special heat treatment, the fa- 
cilities for which are available only at iron foundries and at special shops. 
The changes brought about in this metal by fusion practically require 
that a method of joining be employed which does not involve bringing 
the base metal to the melting point. The comparatively low temperature 
required for bronze-welding has no harmful effect on malleable castings, 
and this method is therefore employed for making welds in this metal. 
Mall able castings are usually small in size and seldom require preheat- 
ing. The technique for bronze-welding this metal is the same as that for 
bronze-welding cast iron. A great deal of money is saved annually by 
text''e mills and other industries which use a large number of malleable 
castings, through reclamation by bronze-welding. 
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Steel and Wrought Iron 


The technique for bronze-welding steel or wrought iron is similar tof 
that for making joints in cast iron. The metal should be heated by the & 


blowpipe to a dull red heat before the bronze is flowed onto the joint, 


Bronze-welding is frequently found advantageous in production opera. J 


tions for making joints in steel where the strength of a fusion weld using 
steel welding rod is not required and where the color of the joint is imma- 
terial. In the production of metal furniture there is an outstanding 
example of the use of bronze-welding of steel. Bronze-welding may be 
accomplished with much greater speed than steel welding with a conse- 
quent saving in oxygen and acetylene. Another factor in favor of bronze- 
welding on light sheet steel is that there is less opportunity for warpag 


Fic. 9—Coprer Bars BrRoNZE-WeLDEp To Bronze ENp RINGS oF Roror | 
Hp. Evectrric Moror 


because less heat is required to accomplish the weld. In fact, bronze- 
welding is nearly always employed in the production of metal furniture 
except where a vitreous enamel is required and in that case a steel weld 
is used in order to withstand the enameling temperature. 


Bronze-welding is used on wrought iron in ornamental iron work 
With this process the metal artist need not bring the part to be joined t 
the melting point. The bronze will flow between tight fitting meta! parts 
and the temperature required is not high enough to mar any sharp edges 
In some cases of this type a fusion weld in the wrought iron would & 
impossible without warping or completely melting the objects being 
welded. 


Galvanized Iron 


The welding of galvanized iron presents somewhat of a problem owl 
to the fact that the-coating of zinc which forms the galvanizing has! 
relatively low melting point and also has the property of volatiliziny wha 
heated. When the galvanized material is heated, the zine coatiny do 
not melt and run on the surface but vaporizes and burns, forming zim 
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oxide fumes. When a fusion weld using steel welding rod is attempted 
on galvanized iron, the galvanized coating is usually burned for about an 
inch on each side of the weld so that it may be necessary to apply a pro- 
tective coating over the section near the weld after the joint is made. 
The low melting point of high strength bronze-welding rod makes it 
possible to make the joint at a temperature low enough so that the galva- 
nizing on each side of the weld is not entirely removed. Galvanized iron 
pipe which is frequently used for water and other industrial services 
may best be bronze-welded and the completed weld will require no 
coating of paint or other protective material afterward. Many manu- 
facturers of large storage tanks made of galvanized iron have adopted 
bronze-welding as a regular production process, as they have found it 
the most economical way of obtaining a satisfactory joint. 


Brass WATER PIPE FOR BUILDINGS REQUIRES 
PERMANENCY 


r a number of years very little welding was done on copper. In order 
btain successful fusion welds in this metal it is necessary to have 
ally deoxidized copper sheets and to use a copper rod with a sufficient 
int of silicon to insure complete freedom from oxide. Although it 
w possible to obtain copper stock specially deoxidized with silicon 
velding, a greater part of copper joining consists in work on ordinary 
ercial copper. For such work it has been found that bronze-welding 
produce a strong, tight joint free from corrosion. The technique 
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for bronze-welding pipe, castings, or sheets of copper is the same as fo; 
bronze-welding the ferrous metals. In the case of copper, however, car 


must be taken to use as little heat as necessary on the base metal, as 


copper has a high rate of thermal conductivity, so that the heat is soop 
dissipated through the surrounding metal. Bronze-welding must there. 
fore be accomplished quickly and the copper should not be heated any 
further back from the weld than is absolutely necessary. Copper cast. 


—- — 


Fic. 11—Fvusion Weips In Bronze Are Best Mave WITH 
BRONZE WELDING Rop 


ings and material over % in. thick should have the edges beveled for 
welding. Proper tinning is as important to the bronze-welding of copper 
as it is in the case of cast iron or steel. The parts to be joined should 
be heated to a temperature which will show a red heat in daylight which 
will be the point at which the bronze will unite to the base metal. 


This application is particularly useful in the fabrication of chemical 
containers of copper and also in the manufacture of water pipes, and 
hot water heating coils. Copper sheet, pipe and castings are being used 
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to a greater extent today than ever before in a number of industries and 
the old fashioned mechanical joint, folded and grooved, riveted or screw- 
coupled has been inadequate where strength and tightness are desired. 
The fact that bronze-welding is able to produce joints capable of satisfy- 
f ing the demand of these industries for tight joints in commercial copper 
® has led to a widespread use of this application. 


Brass and Bronze 


Brass water piping in buildings has been the chief application of the 
bronze-welding of this metal. When brass is melted the metal boils and 


Fic. 12—RoTARY VALVES ON PUMPING EQUIPMENT BuIL_Lt UP 
WITH MANGANESE BRONZE 


bubbles at the surface and gives off zinc oxide fumes, indicating a loss 
of zinc with a consequent change in the character of the metal near the 
weld. It is therefore advantageous to use a bronze-welding rod with a low 
melting point to produce-a bronze-weld in this metal. Many large 
buildings recently have had complete water piping systems installed of 
brass with bronze-welded joints. 


Bronze-welding is frequently employed to make fusion welds in bronze 
castings. In these cases the castings are usually preheated completely 
and the heat retained by an asbestos covering during the welding. By 
using a high strength bronze welding rod with a low melting point, it 
s necessary only to bring the base metal up to the point of fusion which 

| avoid any possibility of any fuming or boiling of the base metal 
ing the welding. 
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For Building Up Worn Surfaces 


Bronze-welding is being used effectively as a method of building up 
wearing surfaces. When the part again becomes worn more bronze may i 
be added to the surface to restore it to normal dimensions. Where the & 
wearing action is particularly severe, manganese bronze welding rod ix 
advantageously employed. Examples of this have been found in the ¥ 
building up of Diesel engine pistons. When these pistons become badly 
worn, it would be necessary to discard both the piston and the cylinder 
if it were not possible to build up the piston to its right size. Bronze. & 
welding is used to build up the pistons which are subsequently machined 
down to the correct size. Oil companies build up rotary valves and machine 
them to fit the rebored cylinders of pumping engines. A manganese bronx 
welding rod is usually employed in building up rotary valves of this 
type. This application is proving extremely valuable in restoring many 
parts of machinery. 

CONCLUSION 


From this brief outline it may be seen that bronze-welding is an appli- 
cation almost without limit. Practically all the commercial metals may 
be bronze-welded, even nickel and Monel have been successfully bronze- 
welded. The progress of this application during the last year has been 
so rapid that there are few users of the oxy-acetylene process who do not 
realize the value of this operation. 


Research and instruction have been two of the main factors in pro- 
moting the use of bronze-welding. The development of new bronze 
welding rods of higher strength and a melting point as low as 1638 deg 
F. has been an outstanding factor in advancing this application during 
this year. High strength bronze-welding rod also possesses the advantag 
of freedom from extensive fuming during the welding. 
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hot-water systems; joint designs; fittings for welded piping; adaptability of 
oxyacetylene process; expansion and contraction. 

Power Plants—Pipe Lines—Welding. Oxyacetylene Welding for Power 
Plant Piping. A. G. Wikoff. Combustion. (September, 1930), Vol. 2, No. 3, 
yp. 40-43. 
eee Vessels—Heads. The Strength of Welded Bull Plugs. C. L. 
Hughes. Mech. Eng. (September, 1930), Vol. 52, No. 10, pp. 911-914. Results 
of tests on six heads of orange peel type and six of bonnet type to determine 
ultimate strength and elastic curves. 

Pressure Vessels—Welding. The Strength and Design of Fusion Welds for 
Unfired Pressure Vessels. L. W. Schuster. Instn. Mech. Engrs.—Proc. (Lond.) 
(March, 1930), No. 2, pp. 319-377 and Discussion 378-422. Object, scope and 
need of investigation; conclusions reached on mechanical construction of welded 
vessels; various tables and figures are given illustrating extent of investiga- 
tion; appendix of provisional rules for fusion-welded non-fired pressure vessels. 

Production Welding of Chrome-Nickel Alloy. W. J. Wachowitz. The Weld- 
ing Engineer (October, 1930), Vol. 15, No. 10, pp. 43-44. All-welded chrome- 
nickel tanks show good construction and workmanship and a striking ap- 
pearance, 

Pulleys—Welding. Electric Welded Pulleys (Elektrische geschweisste 
Riemenscheiben). W. Senit. Elektrotechnik und Maschinenbau (Vienna) 
(Sept. 21, 1930), Vol. 48, No. 38, pp. 886-888. Brief remarks on welding 
process and comparison of costs of cast and welded product. 

Punch Presses, Welded. Welded Steel Makes Better Punch Presses. Weld- 
ing Engr. (September, 1930), Vol. 15, No. 9, pp. 61-64. Presses have ad- 
vantages in weight, rigidity, cost, quietness in operation, adaptability in de- 
sign, and light inventory requirements. 

Rails—Are Welding. Why—Rail Joint Failures? E. J. Shuler. Traction 
Shop and Roadway. (September, 1930), Vol. 3, No. 9, pp. 277-278. Study of 
failures in street railway track; cause and correct welding procedure for good 
results; new carbon are joint-welding methods. 

Removing Oxide in Wheel Welding. H. S. Williams. Electric Traction. 
(October, 1930), Vol. 26, No. 10, p. 531. 

Sheet Metal Industries, Welding in. (July, 1930), Vol. 4, No. 3. Welded 
senha, — Monel Metal. Welding Cast-Iron. Copper Welding. Welding 
esearcn, 

_ Shipbuilding—Oxyacetylene Welding. Oxyacetylene Welding and Metal Cut- 

ting. Shipbldg. and Shipg. Rec. (Lond.) (Sept. 11, 1930), Vol. 36, No. 11, 
pp. 291-295. Use of welding and cutting in shipbuilding, ship-repairing and 
marine-engineering industries. Abstract from report issued by Brit. Acetylene 
Assn. for 10th Int. Acetylene Congress at Zurich. 

‘hipbuilding—Welding. Welding Practice at Plant of Newport News Ship- 
building & Dry Dock Co. W. T. Dimm. Mfrs. Rec. (Sept. 25, 1930), Vol. 28, 
No. 13, pp. 41-45. Method of training welders; type of welding equipment; 

of welding in hull construction, in ship repair and reconditioning, and in 
truction of equipment, 
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Speeding Up Rail Joint Welding. Edward Salt. Electric Traction. ((Octo- 
ber, 1930), Vol. 26, No. 10, pp. 539-540. 

Spot Welding Makes Speedy, Neat Work. The Welding Engineer (October, 
1930), Vol. 15, No. 10, pp. 39-41. Whether the material be stainless steel, 
mild steel, galvanized sheet, or what not, the chances are the article can be 
successfully welded. 

Stahlbau (Steel Structures). Otto Bondy. Pub. by VDI Buchhandlung. 
Vol. I. This first volume deals with the main sections of building and bridge 
construction. Of these, the former is subdivided into chapters on girders, 
cranes and pipe lines, and the latter on rolled beams with plate-reinforced 
flanges, plate girders, trussed bridges, lattice girders, and bridge strengthen- 
ing and repair operations. 

Standardization in Welding Industry. W. Spraragen. Commercial Stand- 
ards Monthly (October, 1930), Vol. 7, No. 4, pp. 107-109. Welding important 
production and repair process; scope and functions of A. W. S. reviewed. 

Station Platform Roofs Redesigned for Welded Connections. Engng. News- 
Record (Oct. 16, 1930), Vol. 105, No. 10, p. 617. 

Steam Pipe Lines—Welding. Oxweld Construction for Modern Piping Ser- 
vices. W. I. Gaston. Universal Engr. (August, 1930), Vol. 52, No. 2, pp. 
41-44. Historical review of oxwelding of overland pipe lines; design and con- 
struction features of high-pressure pipe-line welding; miscellaneous considera- 
tions of pipe-line welding. (Continuation of serial.) 

Steel Castings—Welding. Welding: Is It a Help or a Hindrance in the 
Steel Foundry? W. H. Namack and H. C. Hobart. (October, 1930), Vol. 18, 
No. 4, pp. 71-74. 

Street Railroad Tracks—Welding. Successful Methods of Rail Joint Weld- 
ing. E. J. Shuler. Elec. Traction (September, 1930), Vol. 26, No. 9, pp. 
481-482. Study of failures in street railway track, cause and welding pro- 
cedure for good results. 

Structural Steel—Electric Welding. Welding Tests with High-Grade Struc- 
tural Steel St 52 (Schweissversuche mit hochwertigem Baustah! St 52), Hoch- 
heim. Elektroschweissung (Braunschweig) (September, 1930), No. 9, pp. 
169-172. Are welding and Langmuir’s atomic-hydrogen welding of German 
Standard structural steel St 52; analysis of welding rods used. 

Structural Steel—Oxyacetylene Welding. Application of Gas Welding to 
Steel Construction (Anwendung der Gasschmelzschweissung fuer Stahlbauten). 
R. Cajar. Stahlbau (Supp. to Bautechnik) (Berlin) (April 4, 1930), Vol. 3, 
No. 7, pp. 80-81; see also translated abstract in Bldg. Science Abstracts ( Lond.) 
(August-September, 1930), Vol. 3, No. 8-9, pp. 329-330. 

Structural Steel Welding. Welding of Structural Steel Requires Under- 
standing. F. P. McKibben. Steel (Sept. 18, 1930), Vol. 87, No. 12, pp. 60 and 
62. Elementary and fundamental features of arc welding as applied to or- 
dinary steel building construction in form of questions and answers. 

Structural Steel Welding. Welding Steel Structures. Eng. News-Reec. 
(Sept. 18, 1930), Vol. 105, No. 12, pp. 442-449. Symposium of six articles: 
Highest All-Welded Office Building Erected in Dallas; Inspecting Field 
Welding of Structural Steel, W. F. Carson; Rational Method of Welded Con- 
nection Design, A. Vogel; Large Area of Welded Steel Floor in Pittsfield, 
Mass., Garage, E. N. Adams; Welding Field Joints on 14-Story Office Build- 
ing, J. T. Whitney; Arc-Welding Facts That Should Be Common Knowledge. 

Thermit—Heat Radiation. Heat Radiation of Thermit (Die Waerme- 
strahlung des Thermits). W. Shoulejkin and X. Solowowa. Zeit. fuer 
Physikalische Chemie (Leipzig), Vol. 149, No. 6, 1930, pp. 434-438. Report 
on solarimeter measurements of heat radiation accompanying burning of var'- 
ous thermit mixtures; heat radiation of ordinary thermit showed maximum 
effect of 38 kw.; when potassium permanganate was used, effect of 2080 kw. 
was observed. 

Tractors Speed Up Pipe-Line Welding. O. E. Andren. The Welding En- 
gineer (October, 1930), Vol. 15, No. 10, pp. 45-46. Costs are reduced by 
track-type machines, which are used for a wide variety of purpose: and 
conquer all kinds of terrain. 

Welded Joints—Strength. Welded Joints are Safe. E. J. Tangerman 
Product Eng. (October, 1930), Vol. 1, No. 10, p. 457. Specific examples of 
low cost and strength and safety of welded products, 
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Welded Joints—Stresses. Distribution of Stress in Parallel Welding Fillets. 
H. M. MacKay and A. M. Bain. Can. Jl. Research (Ottawa) (Septemter, 
1930), Vol. 3, No. 8, pp. 260-271. Mathematical theory is developed for dis- 
tribution of stress in welded joints with parallel fillets, in case where each of 
members connected by weld is of uniform cross-section; theory is verified by 
strain measurements on two specimens of type of joint considered. 

Welded Joints—X-Ray Analysis. X-Ray Tests of Welds. H. H. Lester. 
Army Ordnance. (September-October, 1930), Vol. 11, No. 62, pp. 124-127. 
Technique as developed at Watertown arsenal. 

Welded Joints—Testing. Classification and Physical Tests for Various 
Types of Welded Plate Joints. G. R. Exley. Gen. Elec. Rev. (October, 1930), 
Vol. 33, No. 10, pp. 581-591 Variables affecting classification; comparison of 
rolled steel and deposited steel; effects of ductile extensibility; test specimens; 
test results; comparison of characteristics. 

Welded Pipe Lines at Chicago University. G. H. Dickerson. Welding (Oc- 
tober, 1930), Vol. 1, No. 12, pp. 839-840. Four high-pressure and two return 
pipe lines with eleven expansion bends are contained in an 8-ft. by 7-ft. 
tunnel. 

Welded Pipe Line at Lochaber Hydroelectric Power Undertaking. The 
Welding Journal (September, 1930), Vol. 27, No. 324, pp. 271-274. 

Welded Steel Structures—Design. Explanations of “Rules for Design of 
Welded Steel Structures” (Erlaeuterungen zu den nachstehenden “Vorschriften 
fuer die Ausfuehrung geschweisster Stahlhochbauten” in Preussen), Giessbach. 
Elektroschweissung (Braunschweig) (September, 1930), No. 9, pp. 180-181. 

Welded Steel Structures—Design. Rules for Design of Welded Steel Struc- 
tures (Vorschriften fuer die Ausfuehrung geschweisster Stahlhochbauten). 
Elektroschweissung (Braunschweig) (September, 1930), No. 9, pp. 181-183. 

Welded Steel Structures—Germany. How Will Germany Benefit Eco- 
nomically From Use of Welding in Steel Construction? (Welche Vorteile 
erwachsen der deutschen Wirtschaft durch Schweissung in Stahlbau?) A. 
Hilpert. Stahlbau (Supp. to Bautechnik) (Berlin) (May 30, 1930), Vol. 3, 
No. 11, pp. 121-124; see also translated abstract in Bldg. Science Abstracts 
(Lond.) (August-September, 1930), Vol. 3, Nos. 8-9, p. 330. 

Welders’ Training. Training Your Welders. J. H. Zink and S. L. Land. 
Heat. and Piping Contractors Nat. Assn.—Official Bul. (September, 1930), 
Vol. 37, No. 9, pp. 301-304. 

Welding—United States. Welding Society Discusses Tests and Practice. 
Eng. News-Ree. (October, 1930), Vol. 105, No. 14, pp. 540-541. Abstracts of 
papers on physical, electrical and X-ray tests; report on structural welds tested 

) destruction; welding of truss joints, rails and rail joints; economic aspects. 

Welding Open-Track Joints, Proceeds with Caution. Steel (Oct. 16, 1930), 
Vol. 87, No. 16, p. 61. 

_Welding Pipe to Specification. Acetylene Journal (October, 1930), Vol. 32, 
No. 4, pp. 123-128. Specifications and standards covering workmanship, de- 
sign and construction, welding of steel and wrought iron pipe, prepared by the 
Heating and Piping Contractors National Association. 

_Welding Practice at Plant of Newport News Shipbuilding & Dry Dock 
Company. W. T. Dimm. Manufacturers’ Record (Sept. 25, 1930), Vol. 98, 
N 13, pp. 41-45. 

Welding Practice in the C. B. & Q. Railway Shop. J.C. Coyle. Welding 
(October, 1930), Vol. 1, No. 12, pp. 820-823. The application of the are and 
oxyacetylene processes has resulted in the reclamation of many worn engine 
parts, thus effecting great economies. 

W elding Rods. Development of Additional Working Materials in Welding 
(Die Entwicklung der Schweisszusatzwerkstoffe). W. Hoffmann. Elektro- 

weissung (Braunschweig) (September, 1930), No. 9, pp. 165-168. 

Welding Structural Steel Today. A. T. North. The Architectural Forum. 
(October, 1930), Vol. 53, No. 4, Part 2, pp. 499-506. 

_Welds—Testing. Critical Discussion of Test Methods for Welded Seams 
(Kritische Betrachtung der Pruefverfahren fuer Schweissnaehte). H. Kemper. 

utogener Metallbearbeitung (Halle) (July 15, 1930), Vol. 23, No. 14, pp. 

18-226, ; ' 

Welds—Testing. Testing Welds. G. B. Moynahan. Metallurgist (Supp. to 

gineer, London) (September, 1930), pp. 143-144. 
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The continent that became 
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An Advertisement of the American Telephone and Telegraph Compan) 


THROUGH slim wires etched against the 
sky ... through cables laid in the earth 
under cities and fields... millions of 
Americans, miles or days’ journeys 
apart, speak to each other as readily 
as though they stood face to face. 

Over her telephone, a housewife in 
a Wisconsin town inquires about a 
dress pattern from a friend who lives 
nearby. Over his telephone, a busi- 
ness man in Philadelphia talks to an- 
other in Denver. Over her telephone, 
a mother in Kansas asks her son at 
college fifty miles away if he will come 
home for the week-end. Over his tele- 
phone, a cabinet member in Washing- 
ton gives instructions to an assistant 
in Seattle. Regardless of distance and 
the complexity of modern living, they 
talk directly and immediately 
with any one, anywhere, at 
any time they choose. 

The function of the Bell 
Telephone System is the vital 
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one of making it possible to 
social and business contacts 
that contain many times mor 
than this nation once boasted 


neighborhood which the Census re 
ports to hold 127 million peop| 

Year after year from its begin 
the Bell System has increased it 


facilities, its personnel and 
fulness. Looking ahead and | 


for the future, it has forwarded t 
growth of this nation by meetin 
communication needs fully and 


nomically. Today it overcon 


hindrances of distance and time 
and unifies a civilization gear 
the habit of instantaneous com! 


cation. Because it serves all w 
on it, by enriching their lives a 
ing to make their ent 
more successful, the te 
plays an increasingly 
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